The role of mu opioid receptor desensitization and endocytosis in morphine tolerance and dependence.
Following activation, most G protein coupled receptors undergo regulation by a cascade of events that promote receptor desensitization and endocytosis. Following endocytosis, receptors can then be recycled to the plasma membrane, retained in an intracellular compartment, or targeted for degradation. For receptors that are recycled, like the mu opioid receptor (MOR), endocytosis serves as the first step toward resensitizing receptors. For receptors that are degraded, endocytosis serves as the first step toward receptor downregulation. Thus, for receptors like the MOR, the desensitization-endocytosis-resensitization cycle serves as a rapid and dynamic means to titrate signaling through the receptor. However, not all agonist ligands at the MOR promote the same degree of receptor desensitization and endocytosis. For example, the endogenous peptide ligands at the MOR induce rapid desensitization, endocytosis, and recycling. By contrast, morphine induces only weak or partial desensitization and little to no endocytosis. As a consequence, signal transduction promoted by morphine is less dynamic than that induced by endogenous ligands as well as other opioid agonists that promote endocytosis. The resulting imbalance of desensitization-endocytosis-resensitization has at least two consequences: (1) in cell types where morphine induces desensitization but not endocytosis and/or resensitization, desensitization is protracted; (2) in cell types where morphine induces neither desensitization nor endocytosis, prolonged signaling through the receptor leads to multiple cellular adaptations downstream of receptor-G protein coupling. Both protracted desensitization and adaptive cellular changes probably contribute to the pronounced in vivo tolerance and dependence that occur with chronic morphine treatment. As a consequence, facilitating receptor endocytosis, using either genetic or pharmacological approaches, can restore the balance of signaling through the receptor and affect the development of tolerance and dependence.